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0 Electronic blood pressure meter. 

© An electronic blood pressure meter Including a 
cuff (1), a pressurizing means (2) for inflating the 
cuff, a pressure sensing means (5) for sensing a 
fluid pressure within the cuff, a pulse wave detecting 
means (8) for detecting a pulse wave component 
Included in the cuff, a systolic pressure estimating 
means (8) for estimating a systolic pressure value 
based on the pulse wave and the cuff pressure 
detected in a pressurizing process, a pressurization 
volume computing means (8) for computing a pres- 
surization volume based on the estimated the 
systolic pressure value, a pressure decreasing 
means (4) for decreasing the cuff pressure after 



reaching the pressurization volume, a blood vessel 
information detecting means (8) for detecting blood 
vessel information such as pulse wave components 
in the pressure decreasing process, a blood pres- 
sure value determining means (8) for determining 
systolic and diastolic pressure values based on the 
blood vessel information and the cuff pressure, a 
pulse wave component dispersion degree detecting 
means (8) for detecting a dispersion degree of the 
pulse wave components obtained in the pressure 
decreasing process, and a pressurization volume 
controlling means (8) for controlling the pressuriza- 
tion volume by the pressurizing means. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

This invention relates to an electronic blood 
pressure meter, and more particularly to an im- 
proved electronic blood pressure meter having a 
means for determining a pressurlzation volume to 
be applied to a cuff. 

2. Discussion of the Related Art 

There is well known an electronic blood pres- 
sure which inflates a cuff to pressure a portion of a 
body for measurement, gradually decreases the 
cuff pressure after reach of the cuff pressure to a 
predetermined pressurlzation reference, detects a 
blood vessel sound (K sound) or a pulse wave 
component, and determines a systolic pressure 
and a diastolic pressure in view of the vessel 
sound and cuff pressure or the pulse wave compo- 
nent and cuff pressure. The electronic blood pres- 
sure meter requires the pressurization reference 
higher than a systolic pressure point by a predeter- 
mined pressure (hereinafter, called as pressuriza- 
tion margin) to ensure detection of the vessel 
sound or pulse wave component in a cuff pressure 
decreasing process. 

Accordingly, there has been proposed a elec- 
tronic blood pressure meter which finds in a cuff 
pressure increasing process a vessel sound or a 
pulse on a cuff pressure to set a pressurization 
volume of a cuff by estimating a systolic pressure. 

The electronic blood pressure meter, which 
estimates a systolic pressure value by a cuff pres- 
sure and a pulse wave amplitude in a pressuriza- 
tion process and which determines a pressurization 
volume based on the estimated systolic pressure 
value, invites large errors due to unusual ampli- 
tudes caused by period variations in case of pulse 
period being suddenly long or short like a irregular 
pulse patient because the pulse amplitude in such 
a case becomes large in a long pulse period and 
small in a short pulse period and a pressurizing 
speed must be designed to be relatively fast for 
shortening a measuring time resulting in few ob- 
tainable pulse wave data. The pressurization vol- 
ume computed according to such estimated value 
cannot make any proper pressurization, and invites 
the problems that insufficient pressure or over- 
pressure happens requiring repressurization and 
prolongation of measuring time by such repres- 
surization resulting unnecessary pressurization to 
persons to be measured. 



SUMMARY OF THE INVENTION 

It is, therefore, a primary object of this inven- 
tion to provide an improved electronic blood pres- 

5 sure meter capable of setting a proper pressuriza- 
tion volume even in irregular pulse patients. 

According to this Invention, there is provided 
an electronic blood pressure meter including a cuff, 
a pressurising means for inflating the cuff, a pres- 

70 sure sensing means for sensing a fluid pressure 
within the cuff, a pulse wave detecting means for 
detecting a pulse wave component included in the 
cuff, a systolic pressure estimating means for es- 
timating a systolic pressure value based on the 

75 pulse wave and the cuff pressure detected in a 
pressurizing process, a pressurization volume com- 
puting means for computing a pressurization vol- 
ume based on the estimated the systolic pressure 
value, a pressure decreasing means for decreasing 

20 the cuff pressure after reaching the pressurization 
volume, a blood vessel information detecting 
means for detecting blood vessel information such 
as pulse wave components in the pressure de- 
creasing process, a blood pressure value determin- 

25 ing means for determining systolic and diastolic 
pressure values based on the blood vessel In- 
formation and the cuff pressure, a pulse wave 
component dispersion degree detecting means for 
detecting a dispersion degree of the pulse wave 

30 components obtained in the pressure decreasing 
process, and a pressurization volume controlling 
means for controlling the pressurization volume by 
the pressurizing means. 

The electronic blood pressure meter, in case of 

35 an Irregular pulse wave patient who suddenly has a 
pulse wave period dispersion or a pulse wave 
amplitude dispersion, detects a dispersion degree 
of the dispersion by the pulse wave component 
dispersion degree detecting means and sets a 

40 large pressurization margin by the pressurization 
volume controlling means to execute precise blood 
pressure measurement without repressurization nor 
remeasurement. In case of the person rarely having 
irregular pulses, the pressurization margin is set to 

45 necessary minimum so as to shorten measurement 
time without decreasing accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 Other objectives and advantages of this inven- 
tion will be more readily apparent from the follow- 
ing detailed description provided in conjunction 
with the following figures, of which: 

Fig. 1 is a schematic block diagram of an elec- 
56 tronic blood pressure meter as a first embodi- 
ment of the invention: 

Fig. 2 is a flow chart illustrating a whole opera- 
tion of the electronic blood pressure meter of 
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Fig.i: 

Rg. 3 is a flow chart for computing a blood 
pressure value in the operation of Rg. 2; 
Rg. 4 is a schematic block diagram of a section 
of the electronic blood pressure meter for show- s 
ing a function of setting a pressurizatlon volume; 
Rg. 5 is a flow chart showing a pressurizatlon 
volume setting routine in the electronic blood 
pressure meter; 

Rg. 6 is a flow chart illustrating a whole opera- io 
tion of an electronic blood pressure meter as a 
second embodiment of this invention; 
Rg. 7 is a graph showing characteristic quan- 
tities and pulse waves in the electronic blood 
pressure meter of the second embodiment; 75 
Rg. 8 shows memfc}6rship functions at the ante- 
cedent of a fuzzy inference section of the elec- 
tronic blood pressure meter of Rg. 7. 
Rg. 9 shows membership functions at the con- 
sequent of the fuzzy inference section of the 20 
electronic blood pressure meter of Fig. 7, 
Rg. 10 shows a fuzzy inference rules of the 
electronic blood pressure meter of Rg. 7; 
Rg.11 is a schematic block diagram of a pres- 
surizatlon volume setting section of the elec- 25 
tronic blood pressure meter of the second em- 
bodiment; 

Rg. 12 is a flow chart illustrating an operation of 
the pressurizatlon volume setting section of Rg. 
11: 30 
Rg. 13 is a flow chart illustrating a whole opera- 
tion of an electronic blood pressure meter as a 
third embodiment of this invention; 
Rg. 14 is a flow chart illustrating an operation 
for computing a ratio of inclinations of pulse 35 
wave amplitudes and an average value of pulse 
wave amplitudes of backward and forward three 
pulses; 

Rg. 15 is a schematic block diagram of a sec- 
tion of the electronic blood pressure meter of 40 
the third embodiment for setting a pressurizatlon 

volume.; 

Rg. 16 is a graph illustrating a maximum point 
of a pulse wave amplitude; 

Rg. 17 is a graph Illustrating computation of a 45 

ratio of inclinations of pulse wave amplitudes 

before and after a maximum point: 

Rg. 18 is a graph illustrating a ratio of pulse 

wave amplitudes just before a systolic pressure; 

Rg. 19 Is a graph illustrating a ratio of pulse 50 

wave amplitudes just after a systolic pressure; 

and 

Rg. 20 is a flow chart illustrating a pressuriza- 
tlon volume setting routine In the electronic 
blood pressure meter. 55 



Detailed Description of the Invention 

Referring, now, to Rg. 1, there is shown a 
schematic block diagram of an electronic blood 
pressure meter as a first embodiment of this inven- 
tion. This invention is applied to an oscillation 
method type blood pressure meter and in particular 
to estimation of a systolic pressure in pressurizing 
a cuff. 

The electronic blood pressure meter of Rg. 1 
includes a cuff 1, a pump 2 for pressurizatlon, a 
rapid vent valve 3, a gradual vent valve 4, a pres- 
sure sensor 5. a low pass filter 6. an A/D converter 
7, a MPU (micro processor unit) 8, and a display 9. 
The pump 2 Is designed to adjust a pressurizatlon 
volume under control of MPU 8. An output from 
pressure sensor 5 Is applied to A/D converter 7 
through low pass filter 6 which is disposed to filter 
pressure noise generated from pump 2 pressuriz- 
ing. A pressure signal converted to a digital signal 
by A/D converter 7 is applied to MPU 8. MPU 8 
extracts the pressure signal from converter 7 and a 
pulse wave component superposed on the pres- 
sure signal to operate a blood pressure determina- 
tion described later. MPU 8 is designed to control a 
cuff pressure in the cuff 2 by controlling pump 2, 
rapid vent valve 3 and gradual vent valve 4, and 
applies a measured result to display 9 to be dis- 
played. In the electronic blood pressure meter of 
this embodiment, the pressurizatlon margin may be 
automatically set to four steps. The following oper- 
ations will be done by a program stored in MPU 8. 
The following operations (2), (3), and (5) are char- 
acterized in this embodiment. 

(1) Pulse wave extracting operation : A pulse 
wave Is separated and extracted from a cuff 
signal by a filter (HPF). 

(2) Pulse wave period computing operation : A 
pulse wave signal is detected in a pulse wave 
for each pulse to compute a pulse wave period. 

(3) Pulse wave period dispersion computing op- 
eration : A dispersion of a pulse wave period 
computed by the above operation (2) is com- 
puted. 

(4) Systolic pressure estimating operation in 
pressurizatlon : A systolic pressure value is es- 
timated by computing a pulse wave and a cuff 
pressure obtained In pressurizing. 

(5) Pressurizatlon volume setting operation : The 
best pressurizatlon volume is computed by em- 
ploying the dispersion of pulse wave periods 
computed in the operation (3) and the estimated 
systolic pressure values computed in the opera- 
tion (4). 

(6) Pressure measurement in decreasing pres- 
sure : Systolic and diastolic pressure Is com- 
puted in view of pulse waves and cuff pressures 
obtained In decreasing cuff pressure. 
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In reference to a flow chart of Rg. 2, a whole 
operation of the electronic blood pressure nneter of 
this embodinnent will be described hereinafter. 
Upon starting the operation by turning on a start 
switch, MPU 8 drives pump 2 to start pressure 
increase or pressurization in a step 1 (hereinafter, 
expressed as ST1). In ST2, a pulse wave compo- 
nent is extracted from cuff pressure data by a 
pulse wave extracting operation, which is a high 
pass filter realized by the above mentioned pro- 
gram. The pulse wave is separated, and if two or 
more pulses are detected in the pulse wave, the 
intervals or periods are computed to be stored in a 
storage for each pulse in ST3. In ST4 the periods 
stored in ST3 are read out to find the maximum 
and minimum values for a range width (maximum 
value - minimum value) of periods. In ST5 it is 
judged if estimation of a systolic pressure is avail- 
able. If available, the sequence moves to ST6. and 
if not, it returns to ST2 to repeat the sequence from 
ST2 to ST5. In ST6, for Instance, a pressurization 
corresponding to a half of the maximum value of 
the pulse wave amplitudes in a higher pressure 
side is estimated as a systolic pressure value, and 
the sequence moves to ST7. 

In ST7 a pressurization volume or pressuriza- 
tion desired value is set by employing the range 
width computed in ST4 and the systolic pressure 
estimated value computed in ST6. This operation 
will be described in detail later. 

In ST8 a current cuff pressure is compared 
with the pressurization desired value set in ST7. If 
it reaches the desired value, the sequence moves 
to ST9. Unless it reaches, the sequence returns to 
ST2 to repeat the sequence from ST2 and STB. In 
ST9 MPU 8 stops the pressurisation, and starts a 
gradual exhaust or pressure decrease. 

An operation for blood pressure measurement 
is performed after start of the pressure decrease. In 
ST10 a cuff pressure signal Is always read out, and 
in ST11 a pulse wave extracting operation similar 
to the operation in the pressurizing operation is 
executed. In ST12 it is inquired if a separating 
point of the pulse wave is detected. A Yes re- 
sponse from ST12 will be applied to ST 13, and a 
NO response will return to ST10 to repeat the 
sequence from ST10 to ST12. 

If the sequence moves to ST13, a blood pres- 
sure measurement operation is executed. Its de- 
tailed explanation for blood pressure determination 
will be described later. In ST14 it is inquired if both 
systolic pressure SP and diastolic pressure DP 
have been computed. If both pressures have been 
computed, the sequence moves to ST15, but if not, 
it returns to ST10 to repeat the sequence from 
STIOto ST14. 

If SP and DP are found as a result of ST14, 
MPU 8 actuates fast vent valve 3 to exhaust pres- 



sure within cuff 1 (ST15), and a measurement 
result is displayed by display 9 (ST16) for comple- 
tion of the whole operation. 

In view of a flow chart of Fig. 3, the operation 

5 of blood pressure computation in ST1 4 is explained 
in detail. Suppose that a separation point of pulse 
wave has been found In the pulse wave detection 
operation and that a pulse wave number n, systolic 
pressure SP and diastolic pressure DP are initial- 

70 ized to "0". 

If a pulse wave number n is incremented by 
"1" (ST21). a pulse wave amplitude AMP(n) and its 
counterpart cuff pressure Pc(n) are computed 
(ST22). AMP(n) is compared with Amax (ST23). 

75 Amax is a variable presenting the largest value in 
the pulse wave amplitudes detected until the mo- 
ment. If AMP(n) > Amax, the sequence moves to 
ST31 supposing that an envelope of an pulse wave 
amplitude line does not reach the maximum point 

20 and Amax is substituted by the value of AMP(n) for 
return. If AMP(n) ^ Amax in ST23, the envelop of 
pulse wave amplitude line is regarded that it has 
already passed the maximum point and is in a 
decreasing process, and the sequence moves to 

25 ST24 in which it is inquired if a variable SP of 
systolic pressure is "0". If SP = 0, a SP computing 
operation consisting of steps from ST25 to ST28 is 
executed assuming that SP is not determined. If 
SP is already determined, the sequence moves to 

30 ST29. 

In ST25 a counter j for a pulse wave is set to 
the current pulse wave number n, and in ST28 the 
counter j is decremented by "1" to compare the 
pulse wave amplitude AMP(j) designated by j with 

35 the maximum value Amax. If AMP(j) ^ Amax X 0.5 
(ST27). the corresponding cuff pressure PC(j) is set 
to systolic pressure SP for return. 

In ST29 and ST30 diastole pressure (diastolic 
pressure) computing operation Is executed. In 

40 ST29 it is Inquired if the pulse wave amplitude 
AMP(n) is decreased to DP computing threshold 
value (herein Amax X 0.7 is defined) or smaller. If 
AMP(n) ^ Amax X 0.7, the cuff pressure Pc(n) is 
set to a diastolic pressure DP for returning (ST30). 

45 Next, the setting pressurisation volume most 
characteristic in this embodiment will be explained. 
Fig. 4 shows a functional construction of the pres- 
surization volume setting means which includes a 
means 31 for reading time of pulse wave genera- 

50 tion from a data storage, a means 32 for computing 
pulse wave period, a means 33 for computing a 
pulse wave period range from the computed pulse 
wave periods, and a means 34 for setting a pres- 
surization volume according to the computed pulse 

55 wave period range. 

In view of a flow chart of Fig. 5. the pressuriza- 
tion volume setting operation in ST7 of Fig. 2 will 
be explained In detail. In the following description. 
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RANGE is a range of period, DEL__ P Is a margin 
volume (in normal 30 • 40 mmHg Is standard) to be 
added to an estimated value of systolic pressure, 
P_ VAL Is a pressurrzatlon volume (pressurization 
desired value). P SP is a systolic pressure es- 
timated value, TH_ 1, TH_ 2, and TH_ 3 are 
threshold values about a range of period. 

Upon starting the pressurization volume setting 
routine, pulse wave period range RANGE is com- 
pared with threshold value TH_ 1 in ST41. If it is 
below the threshold value, a normal status is found 
and the pressurization margin DEL_ P is set to 
standard volume 30mmHg (ST42). If the period 
range RANGE Is larger than threshold value TH__ 1 
In ST41, it is compared with the next threshold 
value TH_ 2 (ST43). In the same manner as that 
of ST41, if RANGE is below the threshold value 
TH__ 2. it is regarded as relatively unusual status 
and the pressurization margin 40mmHg a little 
higher than the margin in normal status is set 
(ST44). If the period range RANGE is larger than 
threshold value TH_ 2 in ST43. it is compared 
with threshold value TH__ 3 (ST43). If it is below 
value TH_ 3, a further higher pressurization mar- 
gin 50mmHg is set as unusual status. 

If the period range RANGE is larger than the 
threshold value TH_ 3 in ST45, a still further high 
pressurization margin 60mm Hg is set (ST47). Thus, 
if setting of the pressurization margin DEL_ P in 
steps ST41 - ST47 is finished, the systolic pres- 
sure estimated value D_ SP and the pressurization 
margin DEL_ P are added to obtain the pres- 
surization volume (pressurization desired value) 
P_ VAL (ST48) for finishing the pressurization 
volume setting operation to be returned. 

Next, a second embodiment of this invention 
will be described hereinafter. A schematic hard- 
ware construction of an electronic blood pressure 
meter is the same as that of Fig. 1. This second 
embodiment is characterized by pressurization vol- 
ume computation employing fuzzy inference. 

In the electronic blood pressure meter of this 
second embodiment, the following operations are 
executed by a program of MPU 8. 

(1) Pulse wave extracting operation : the same 
as that of the first embodiment. 

(2) Pulse wave period computing operation : the 
same as that of the first embodiment. 

(3) Pulse wave period characteristic quantity 
computing operation : A characteristic quantity 
computed in the operation (2) is computed. 

(4) Unusual degree computing operation : The 
characteristic quantity computed by the opera- 
tion (3) is computed by fuzzy inference as an 
input thereof to generate a unusual degree. 

(5) Systolic pressure estimating operation in 
pressurizing : A systolic pressure is computed 
from pulse wave data produced in pressurizing. 



(6) Pressurization volume setting operation : A 
pressurization volume is computed by the un- 
usual degree obtained in the operation (4) and 
the systolic pressure obtained in the operation 

5 (5). 

(7) Blood pressure measurement in decreasing 
pressure : A systolic pressure is computed from 
pulse wave obtained in decreasing pressure. 

This embodiment is featured by the operations 
10 (2), (3), (4) and (6). 

In reference to a flow chart of Fig. 6, a whole 
operation of this embodiment will be described 
hereinafter. Upon starting the operation by turning 
a start switch, MPU 8 drives the pump to pressur- 
es ize (ST1), and extracts a pulse wave component 
from cuff pressure data by a pulse wave extracting 
operation (ST2). If two or more pulses are detected 
in the pulse wave, an interval or period is com- 
puted to be stored in a storage for each pulse 
20 (ST3). 

In ST4 it is inquired If estimation of a systolic 
pressure is possible. Unless possible, the se- 
quence returns to ST2 to repeat the sequence from 
ST2 to ST3. The operation of ST4 and ST5 are the 

25 same as that of Fig. 2. In ST6 a characteristic 
quantity Is computed based on a plurality of pulse 
wave periods stored until the moment, and in ST7 
is employed to compute an unusual degree of a 
pulse wave amplitude in fuzzy inference, which will 

30 be explained later In detail. 

Upon computing the unusual degree, a pres- 
surization volume is set by employing the esti- 
mated systolic pressure value and unusual degree 
(ST8). In ST9 a current cuff pressure is compared 

35 with a computed pressurization desired value. If the 
cuff pressure reaches the desired value, the se- 
quence moves to ST10 to start decreasing pres- 
sure supposing that the pressurization is finished. 
Unless reaches the value, the sequence returns to 

40 ST2 to repeat the sequence from ST2 to ST8. The 
sequence from ST10 to ST17 are the same as that 
of from ST9 to ST16. 

The characteristic quantity Is a dispersion of 
periodic deviation PI VAR. a periodic deviation of 

45 maximum point PI PEAK, a periodic deviation of 

systolic pressure estimating point Pl_ SP, a peri- 
odic deviation PI SP2 of a pulse wave subse- 
quent to pulse waves sandwiching the systolic 
pressure estimating point. In reference to Fig. 7. 

60 computation is executed about Pl_ VAR = 
ei/fundamental period, j (1 to number of periodic 
data), Pl_ PEAK = Pl_ PEAK_ A/fundamental 
period, Pl_ SP = Pl_ SP A (a period of systolic 
pressure point by proportional distribution of 

55 periods A and B), and Pl_ SP2 = Pl_ 
SP2/fundamental period. 

The computation of unusual degree in ST7 is 
performed by fuzzy inference accepting the above 
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mentioned characteristic quantity computed from 
pulse wave periods as its input. According to the 
fuzzy inference of this emt)odiment, the inference 
method is MAX_ IVIIN operation, the affirmative 
operation method is a weighted average in which 
the consequent membership function MF is single- 
ton and the relevance degree of each rule is 
weight. 

Fig. 8 shows a membership function MF of 
antecedent, Rg. 9 shows a membership function of 
consequent, and Fig. 10 shows fuzzy inference 
rules. In the antecedent, S Is small, M is middle, 
and B is big. In the consequent. H is a high 
unusual degree, IVl is a middle unusual degree, and 
L is a low unusual degree. 

Rg. 1 1 shows a functional construction for set- 
ting a pressurization volume in Fig. 8, which in- 
cludes a data read section 41 for reading a pulse 
wave generation time in data, a period compute 
section 42 for computing a time interval (period) of 
pulse wave generation based on the read time, a 
characteristic quantity compute section 43 for com- 
puting a characteristic quantity by employing 
periods, an unusual degree compute section 44 for 
computing a unusual degree of a pulse wave am- 
plitude line from the characteristic quantity, and a 
pressurization volume set section 45 for determin- 
ing a pressurization volume by employing the un- 
usual degree and systolic pressure estimated val- 
ue. 

In Fig. 12, there is shown an actual flow chart 
for a pressurization volume determination opera- 
tion. In ST82 a pressurization margin DEL_ P is 
determined. The margin is normally 30 - 40 mmHg. 
but increased at a high unusual degree. In this 
embodiment 30 mmHg is set for normal state, and 
90 mmHg is set for the worst of unusual degree. In 
ST83 the pressurization margin DEL_ P is added 
to the systolic pressure estimated value P_ SP to 
produce pressurization volume (pressurization de- 
sired value) P_ VAL for finishing the operation. 

An electronic blood pressure meter as a third 
embodiment of this invention will be described 
hereinafter. The hardware construction of the elec- 
tronic blood pressure meter of this embodiment is 
the same as that of Fig. 1. This embodiment is 
featured by obtaining a dispersion degree (unusual 
degree) of a pulse wave based on the characteris- 
tic quantity of pulse wave amplitude in a pressuriz- 
ing process to set a pressurization volume 
(pressurization desired value). 

In the electronic blood pressure meter of this 
embodiment, the following operations are executed 
by a program of MPU 8. 

(1) Pulse wave extracting operation : a filtering 
(HPF) operation for separating and extracting a 
pulse wave from a cuff pressure signal. 



(2) Computing operation for a ratio of inclination 
of pulse wave amplitude and an average value 
of a pulse wave amplitude : a pulse wave is 
detected on the basis of a pulse wave signal for 

5 each pulse, a ratio of inclination of pulse wave 
amplitudes of backward and forward three 
pulses and an average value of the pulse wave 
amplitudes are computed, and the maximum 
value thereof is regarded as an average value of 

10 pulse wave amplitudes. 

(3) Estimating operation of systolic pressure : An 
estimated value of systolic value is computed. 

(4) Computing characteristic volume about maxi- 
mum point and systolic pressure : ratio of in- 

75 clination of amplitudes before and after maxi- 
mum point, ratio of inclination of pulse wave 
amplitude just before systolic pressure, and ratio 
of inclination of pulse wave amplitude just after 
systolic pressure. 

20 (5) Pressurization volume setting operation : 
Computing a pressurization volume in accor- 
dance with characteristic quantity of amplitudes 
of a pulse wave line. 

(6) Computing operation of systolic and diastolic 
25 pressure values. 

The operations (2), (4), and (5) are distinctive in 
this embodiment. 

In reference to a flow chart of Fig. 13, a whole 
operation of the electronic blood pressure meter 
30 will t>e described. 

Upon starting the operation by turning on a 
start switch, MPU 8 drives pump 2 to start pres- 
surization (ST1). 

In a pulse wave extracting operation (ST2), a 
35 pulse wave component is extracted from cuff pres- 
sure data. This presents a high pass filter per- 
formed by a program. If two or more pulses of 
pulse wave are detected, a ratio of the amplitudes 
and an average value of the amplitudes is com- 
40 puted and stored into a storage for each pulse 
(ST3 and ST4). 

In ST5 it is inquired if a blood pressure estima- 
tion (systolic pressure) is possible. If possible, an 
estimating operation of systolic pressure is ex- 
45 ecuted (ST6). Unless possible, the sequence re- 
turns to ST2 to repeat the sequence from ST2 to 
ST4. 

Advancing to ST7. MPU 8 computes character- 
istic quantity relating to maximum point and 

50 systolic pressure stored until the moment, viz., a 
ratio of inclination of amplitudes before and after 
maximum point, ratio of inclination of amplitude just 
before systolic pressure, and ratio of Inclination of 
amplitude just after systolic pressure. 

65 As shown in Fig. 16, the maximum point of 

pulse wave amplitude corresponds to a maximum 
value in the pulse wave amplitudes arranged in the 
order of number which are extracted in a varying 
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process of a cuff pressure. A ratio of inclination of 
amplitudes before and after a maximum point 
RATIO_ PEAK is expressed by the below equa- 
tions. 

RATIO_PEAK = 7/« 

is -10 

when 

7 = [AMP(n + 1 )-AMP(n)]/[Pc(n + l)-Pc(n)] 

5 = tAMP(n + 1 )-AMP(n + 2)]/[Pc(n + 2)-Pc(n + 1 )] 

As shown in Fig. 17, 7 is a slope between the 
maximum point and an amplitude of a pulse just 
before the point, and 5 Is a slope between the 
maximum point and an amplitude of a pulse just 
after the point. 

A ratio of inclination of pulse wave amplitude 
just before systolic pressure RATIO_ SP_ BF is 
expressed below. 

RATIO_ PEAK = 

is -10 

when 

ij = [AMP(n)-AMP(n + 1 )]/[Pc(n)-Pc(n + 1 )] 

B = [AMP(n + 1 )-AMP(n + 2)]/[Pc(n + 2)-Pc(n + 1 )] 

e =0 

As shown in Fig. 18, i) Is a slope between two 
pulse wave amplitudes before systolic pressure, 
and d is a slope between amplitudes of a pulse 
before and a pulse after systolic pressure. 

A ratio of inclination of pulse wave amplitude 
just after the systolic pressure RATIO_ SP_ AF is 
expressed below. 

RATIO_ PEAK = e/f 

is -10 

when 

e = [AMP(n + 1 )-AMP(n + 2)]/[Pc(n + 1 )-Pc(n + 2)] 
i- = [AMP(n + 2)-AMP(n + 3)]/[Pc(n + 2)-Pc(n + 3)] 
f =0 

As Shown in Fig. 19, is a slope between pulse 
wave amplitudes of one pulse before and one 
pulse after systolic pressure, and is a slope be- 
tween amplitudes of two pulse waves after systolic 
pressure. 

In ST8 a proper pressurization volume is com- 
puted by a predetermined equation employing a 
plurality of characteristic quantity computed in ST4 
and ST7. 

In ST9 a pressurization volume (pressurization 
desired value) computed in ST8 and a cuff pres- 
sure at the corresponding time point are compared. 
If the cuff pressure reaches the desired value, the 
sequence moves to STIO, but unless reaches, it 
returns to ST2 to repeat the sequence ST2 to ST9. 



In STIO the MPU stops the pressurization, and 
starts a gradual exhaustion at a preset pressure 
decreasing speed by controlling vent valve 4. Since 
the operation after STIO is the same as that of ST9 

5 to ST1 6, its explanation is omitted. 

Next, computing characteristic quantity and 
setting pressurization volume important in this em- 
bodiment will be explained hereinafter. As shown in 
Fig. 15, a functional construction for setting a pres- 

70 surization volume includes a means 51 for reading 
time of pulse wave generation and cuff pressure 
from a data storage, a means 52 for computing 
characteristic quantity from pulse wave amplitude 
data, and a means 53 for setting a pressurization 

75 volume from the computed characteristic quantity. 

In reference to a flow chart of Fig. 14, a com- 
puting operation about characteristic quantity will 
be described, n is a pulse wave number, R is a 
ratio of inclination of pulse wave amplitude, Rmax 

20 is a maximum value of ratios of inclination of the 
maximum pulse wave amplitude, AV is an average 
value of pulse wave amplitudes of before-and-after 
three pulses, AVmax is an average value of pulse 
wave amplitudes of the maximum before-and-after 

25 three pulses in a pulse wave line, Dmax is the 
maximum pulse wave amplitude, RATIO_ PEAK is 
a ratio of amplitudes before and after the maximum 
point, RATE10_ SP_ BF is a ratio of a pulse 
wave amplitude just before systolic pressure, and 

30 RATE10_ SP_ AF is a ratio of a pulse wave 
amplitude just after systolic pressure. 

Upon resetting pulse wave number n (ST51), 
the pulse wave number n is incremented by "1" 
(ST52) and it is inquired if n is 3 or more (ST53). 

35 Unless 3 or more, the sequence returns to ST52 to 
increment n by "1". If n is 3 or more, the sequence 
moves to ST54 where a difference value SI be- 
tween the last but one pulse wave amplitude Amp- 
(n-2) and the former pulse wave amplitude Amp(n- 

40 1) and a difference value S2 between a current 
pulse wave amplitude Amp(n) and the former pulse 
wave amplitude Amp(n-1) are computed for com- 
parison of SI and S2 (ST55). If SI is larger than 
S2, R = S1/S2 is computed (ST56). If Si is smaller 

45 than S2, R = S2/S1 is computed (ST57). In ST58 it 
is inquired if the ratio value R is larger than Rmax. 
If the ratio value R is larger than Rmax, the ratio 
value R is revised to Rmax (ST59). If the ratio 
value R is smaller than Rmax, the sequence jumps 

50 ST59 to ST60. In ST60 an average value AV of 
pulse amplitudes of three pulses of the current, 
former and the last but one pulses is computed. In 
ST61 it is inquired if the average value AV is larger 
than AVmax. If AV is larger than AVmax. AV is 

55 revised to AVmax (ST62). If AV is smaller than 
AVmax, the sequence jumps ST 62 to ST63. In 
ST63 it is inquired if it is the last pulse wave. The 
sequence ST60 to ST63 is repeated until the last 
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pulse wave is found. When the last pulse wave is 
found, AVmax is revised by AVmax/Dmax as a new 
AVmax (ST64). In ST65 RATIO_PEAK, 
RATIO_SP_BF. and RATIO_SP_AF are com- 
puted. 

Fig. 20 shows a detailed flow chart for setting 
pressurizatlon volume by the characteristic quantity 
in ST8. In the following explanation, TH_2 is a 
threshold value of an average value of pulse wave 

amplitudes, TH 3 is a threshold value of a ratio of 

Inclination of amplitudes before and after the maxi- 
mum point. TH_4 is a threshold value of a ratio of 
inclination of pulse wave amplitude just before 
systolic pressure, and TH_5 is a threshold value 
of a ratio of inclination of pulse wave amplitude just 
after systolic pressure. 

Upon entering the pressurizatlon volume set- 
ting routine, it is inquired if a ratio Rmax of inclina- 
tion of the maximum pulse wave amplitude is larg- 
er than TH 1 (ST71). Unless larger, it is inquired if 

the average AVmax of pulse wave amplitudes is 
larger than the threshold value TH_2 (ST72). Un- 
less larger in ST72, the pulse wave is judged as a 
normal wave and the margin volume DEL_P is set 
to 30 (ST73). If a YES response is obtained in 
either ST71 or ST72, it is inquired if a ratio 

RATIO PEAK of inclination of amplitudes before 

and after the maximum point is larger than the 
threshold value TH__3 (ST74). Unless larger, the 
margin volume DEL__P is set to 40 (ST75). 

If a YES response is generated from ST74, it is 
inquired if the inclination of pulse wave amplitude 
RATIO_SP_BF just before systolic pressure is 
larger than the threshold value TH__4 (ST76). Un- 
less larger, the margin volume DEL_P Is set to 50 
(ST77). If a YES response is generated from ST76, 
it is inquired if ratio of pulse wave amplitude just 
after systolic pressure RATIO_SP_AF is larger 
than the threshold value TH_5 (ST78). Unless 
larger, the margin volume DEL_P is set to 60 
(ST80). If the ratio is larger the value, it is deter- 
mined that the unusual degree of pulse wave com- 
ponent is greately high and margin volume DEL_P 
is set to 70 (ST79). Thus, if the margin volume 
DEL_P is set. the margin volume is added to the 
systolic pressure estimated value P SP to com- 
pute a pressurizatlon volume P__VAL (ST81). 

According to this invention, dispersion of pulse 
wave component is detected in an increasing pro- 
cess and a pressurizatlon volume is controlled in 
accordance with the dispersion degree, so that in 
an irregular pulse patient precise blood pressure 
measurement can be performed without redepres- 
surization and remeasuring by setting a large pres- 
surizatlon. In case of person who has few irregular 
pulse, a measuring time can be decreased without 
decreasing measurement accuracy by setting a 
necessary minimum pressurizatlon margin. 



It should be understood that the above descrip- 
tion Is merely illustrative of this invention and that 
many changes and modifications may be made by 
those skilled in the art without departing from the 
5 scope of the appended claims. 

Claims 

1. An electronic blood pressure meter comprising 
10 a cuff. 

pressurizing means for inflating the cuff. 

pressure sensing means for sensing a fluid 
pressure within the cuff. 

pulse wave detecting means for detecting 
75 a pulse wave component included in the cuff, 

systolic pressure estimating means for es- 
timating a systolic pressure value based on the 
pulse wave and the cuff pressure detected in a 
pressurizing process, 
20 pressurizatlon volume computing means 

for computing a pressurizatlon volume based 
on the estimated the systolic pressure value. 

pressure decreasing means for decreasing 
the cuff pressure after reaching the pressuriza- 
25 tton volume. 

blood vessel Information detecting means 
for detecting blood vessel information such as 
pulse wave components in the pressure de- 
creasing process, 
30 blood pressure value determining means 

for determining systolic and diastolic pressure 
values based on the blood vessel information 
and the cuff pressure, 

pulse wave component dispersion degree 
35 detecting means for detecting a dispersion de- 
gree of the pulse wave components obtained 
in the pressure decreasing process, and 

pressurizatlon volume controlling means 
for controlling the pressurizatlon volume by 
40 said pressurizing means. 

2. An electronic blood pressure meter comprising 

a cuff. 

pressurizing means for inflating the cuff. 
45 pressure sensing means for sensing a fluid 

pressure within the cuff, 

pulse wave detecting means for detecting 
a pulse wave component included in the cuff, 

systolic pressure estimating means for es- 
50 timating a systolic pressure value based on the 
pulse wave and the cuff pressure detected in a 
pressurizing process, 

pressurizatlon volume computing means 
for computing a pressurizatlon volume based 
55 on the estimated the systolic pressure value, 

pressure decreasing means for decreasing 
the cuff pressure after reaching the pressuriza- 
tlon volume. 
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blood vessel information detecting means 
for detecting blood vessel information such as 
pulse wave components in the pressure de- 
creasing process. 

blood pressure value determining means s 
for determining systolic and diastolic pressure 
values based on the blood vessel information 
and the cuff pressure. 

pulse period computing means for com- 
puting a pulse period of said pulse wave com- io 
ponent detected in the pressurizing process, 

dispersion computing means for comput- 
ing dispersion of the pulse period based on the 
computed several pulse period data, and 

pressurization volume controlling means 75 
for controlling a pressurization volume by said 
pressurizing means in accordance with the dis- 
persion of the computed pulse period. 

3. An electronic blood pressure meter comprising 20 
a cuff. 

pressurizing means for inflating the cuff. 

pressure sensing means for sensing a fluid 
pressure within the cuff, 

pulse wave detecting means for detecting 25 
a pulse wave component included in the cuff. 

systolic pressure estimating means for es- 
timating a systolic pressure value based on the 
pulse wave and the cuff pressure detected in a 
pressurizing process, 30 

pressurization volume computing means 
for computing a pressurization volume based 
on the estimated the systolic pressure value, 

pressure decreasing means for decreasing 
the cuff pressure after reaching the pressurize- 3S 
tion volume, 

blood vessel information detecting means 
for detecting blood vessel information such as 
pulse wave components in the pressure de- 
creasing process, 40 

blood pressure value determining means 
for determining systolic and diastolic pressure 
values based on the blood vessel information 
and the cuff pressure. 

dispersion deree computing means for 45 
computing a dispersion degree of the pulse 
wave amplitude based on several pulse data 
about said pulse wave amplitude computed in 
the pressurizing process, and 

pressurization volume controlling means so 
for controlling a pressurization volume by said 
pressurizing means in accordance with the 
computed dispersion degree of the pulse wave 
amplitude. 
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